Abstract The objectives of this study are to compare the results of newer performance-based functional assessments in the study of HIV-associated neurocognitive disorders (HAND) and to correlate these functional assessments with specific levels of severity of HAND. One hundred fourteen HIV+ subjects in an existing cohort were evaluated with a medical history, neurological exam, neuropsychological test battery as well as subjective and novel objective measures of functional abilities. Self-reported measures of functional performance included the Karnofsky Performance Scale, a questionnaire for instrumental activities of daily living, and a questionnaire for physical quality of life measures. The newer objective functional performance assessments included the Columbia Medication Management and the San Diego Finances tests. These newer performance-based measures of function were assessed for their ability to predict level of HAND. The two objective measures of functional performance, The Columbia Medication Management Scale and the San Diego Finances Test, were both associated with levels of severity of HAND. The Karnofsky Performance Scale and the questionnaires for role and physical quality of life were subjective measures that were also associated with specific levels of HAND. Newer measures of functional performance can be used to objectively evaluate functional impairment in HAND and validate different levels of HAND.
Introduction
After the advent and utilization of highly active antiretroviral therapy, HIV-associated dementia (HAD) and HIVassociated neurocognitive disorders (HAND) have become less frequent, but HIV-positive patients are nonetheless still at risk for these neurological complications. Approximately 2% to 5% of HIV positive individuals may develop HAD and a higher percentage (around 37%) have less severe forms of HAND (Sacktor 2002; Sacktor et al. 2002) . The American Academy of Neurology (AAN) originally published criteria for defining different levels of HAND in 1991 with subsequent revisions in 2007 to reflect the disorder more accurately in the post HAART era (Antinori et al. 2007) . These guidelines provided a framework for clinicians to diagnose HAND and for researchers to categorize patients with HAND in clinical research trials and studies. Criteria from 1991 described two levels of HAND which included minor cognitive motor disorder (MCMD) and HIV-associated dementia (HAD). MCMD and HAD were similar in that they both required impairment in two neuropsychological domains but differed in degree of functional impairment such that impairments in work or in everyday activities of daily living were required for the diagnosis of HAD. In the revised criteria, the category of MCMD was further subdivided to include asymptomatic neurocognitive impairment (ANI) and mild neurocognitive disorder (MND). According to these criteria, patients with ANI, MND, and HAD all must have impairment in at least two neuropsychological domains. Again, level of functional impairment define these levels of HAND such that patients with ANI have no functional limitations, MND have mild functional impairment, and those with HAD have marked functional impairment.
The classification of HIV-related neurocognitive status is thus critically dependent on accurate assessment of an individual's functional performance status. Common measures of functional assessment in HIV cohort studies include the Karnofsky performance scale, instrumental activities of daily living scales of Lawton and Body (e.g., dressing, eating, preparing food, and bathing), Katz ADL/Lawton self-maintenance scale, role functioning items of the medical outcomes study, and medical outcomes study physical function subscale (Karnofsky et al. 1948; Schifitto et al. 2001) . The principal limitation of these rating scales is that the score depends on the subjective reporting of the patient or the provider. Self-report of functional performance is used for most of the scales except the Karnofsky performance scale which is also subjective by virtue of the provider/rater. In a large study of 270 HIV+ patients, Schifitto and colleagues found that traditional subjective measures of functional status showed poor correlation with neuropsychiatric outcomes in patients with HAND (Schifitto et al. 2001) . One possible explanation of the poor correlation was that the traditional functional measures were too subjective and relied on self-report from patients.
Efforts to provide more objective measures of functioning were introduced in a study by Heaton and colleagues (2004) . In this study, 267 HIV-positive patients were assessed using subjective functional scales, but in addition, they underwent rigorous objective laboratory assessments of functioning. These included tests of functional abilities regarding shopping, cooking, vocational skills, management of finances, and management of medications. Overall, neuropsychologicaly impaired HIV-positive patients were found to be more functionally impaired on both subjective and objective measures of functional performance. Even though these objective laboratory measures did provide improved assessment over subjective measures, the feasibility of large-scale laboratory functional measures would be impractical for both clinical studies and trials.
The Clinical Outcomes Core cohort was established to evaluate functional performance measures in HIV-positive patients with HAND in order to have more practical and objective predictors of functional performance, hence functional impairment. The objective of the current study is to evaluate the association between performance on objective performance measures and neurocognitive impairment as assessed by the revised AAN rating scale.
Methods
Participants The study included 114 HIV-positive individuals at the General Clinical Research Clinic at Johns Hopkins Hospital in Baltimore, Maryland who were evaluated from 2007 to 2010. The study was approved by the Johns Hopkins IRB. HIV-positive patients were recruited from two cohorts: the Northeast AIDS Dementia (NEAD) cohort (McArthur et al. 2004 ) and the Oxidative Stress Cohort (Gandhi et al. 2010; Mohamed et al. 2010) and were chosen using the following inclusion criteria: adults older than 18 years, HIV-1-seropositive status, ability to provide written informed consent, and ability to ambulate at first clinic visit. Exclusion criteria were the following: history of or current opportunistic central nervous system infection, history or current schizophrenia, current severe affective disorder believed to account for the subject's cognitive impairment, and history of chronic neurological disorders such as epilepsy or multiple sclerosis. Substance abusers and heavy alcohol users, remote or active, were not excluded but were not examined if judged by the examiner to be intoxicated during the visit.
Patient consents Written informed consent was obtained from all patients participating in the study.
Procedures Participants underwent the same procedures every 6 to 12 months in accordance with their scheduled NEAD and Oxidative Stress cohort visits when possible. Standardized questionnaires were used to capture medical information and demographics, along with medical, psychiatric, and neurological history.
Clinical exam A macro-neurologic examination created for the AIDS Clinical Trials Group and the motor subscale (part III) of the Unified Parkinson's Dementia Rating Scale (Fahn et al. 1987) to assess extrapyramidal signs associated with HAD were used.
Depression assessment Mood was assessed with the selfadministered Beck Depression Inventory II scale. A score greater than or equal to 16 was defined as the presence of depression symptomatology.
Laboratory assessment Baseline CD4 lymphocyte count and levels of HIV RNA in CSF and plasma were recorded when available. HIV RNA levels were determined using the Roche PCR assay (Amplicor HIV-1 Monitor assay, version 1.5; Roche Diagnostics). Hepatitis C viral status was obtained via history and evaluation of laboratory findings for hepatitis C virus antibodies.
Diagnosis of HIV-associated neurocognitive disorder Dementia assessment was performed according to the 2007 Revised AAN classification using previously published methodology for neurocognitive testing and definition of functional impairment based on instrumental activities of daily living (IADL) assessment (Lawton and Brody 1969) .
Functional performance assessments Subjective measures of functional performance included Karnofsky Performance Scale, questionnaire for IADLs, and questionnaire for role and physical quality of life (QOL) measures (Sacktor 2002; Schifitto et al. 2001 ). The Karnofsky scale was rated from 0-100 with 100 being the highest score or normal. All 114 participants received baseline Karnofsky ratings. The IADL scale was rated from 0-30 with 0 being no abnormality.
Participants were asked to report their current and previous best abilities to perform fourteen common daily tasks. The participant chose the description that best fit his or her functional level out of several options listed under each task. The choices for each task were scaled from 0 (no deficit) to 2 or 3 (marked functional impairment). The role QOL scale consisted of four yes/no questions regarding problems with work as a result of physical health. Each "yes" response indicated a functional deficit and was assigned a value of 1 for a maximum role QOL score of 4. The physical QOL scale consisted of nine yes/no questions regarding limitation of activities due to health and were scored the same way as the role QOL resulting in a maximum score of 9. A total of 58 participants completed both QOL scales.
The newer functional performance assessments included the Columbia Medication Management test and the San Diego Finances test (Heaton et al. 2004; Saxton et al. 2005 SD standard deviation, n number money, count money, write a check, and balance a checkbook ledger. Each of the tasks is scored, and total score range from 0-22 with 22 being the highest or no mistakes on the task.
Data analysis
Mean scores on all subjective and objective functional performance measures were obtained and categorized by level of neurocognitive impairment using the revised AAN rating scale for HAND. Group differences on demographic features were tested using analysis of variance (continuous measures) and Chi-squared test of association (categorical measures). The ability of functional performance measures to differentiate between strata on the rating scales was tested using an ordinal logistic regression model. The rating scale served as the multinomial dependent variable. Functional performance measures served as the continuous independent variable. In all analyses, the Hepatitis C virus positive, n (%) 8 (50%) 21 (57%) 13 (59%) 25 (64%) Active substance abuse, n (%) 1 (6.3%) 9 (24%) 3 (14%) 9 (23%)
Categories that are bold and italicized represent differences that are statistically significant by ordered logistic regression model to an alpha level <0.05
SD standard deviation, n number Linear regression models were adjusted for Beck Depression Inventory total score SD standard deviation, n number presence of depression (BDI≥16) was included in the model to statistically adjust for baseline differences. Odds ratio for progressing to more severe levels of HAND were also calculated. Results were considered statistically significant if the p value was ≤0.05. Statistical calculations were performed using Stata 10.0 software (StataCorp LP, College Station, TX). Table 1 contains a summary of the demographics of the 114 HIV-positive patients evaluated in this study. The mean age was 46.8 years (standard deviation (SD) 6.4 years). A majority of the patients were men (67%) and were AfricanAmerican (92%). Mean (SD) CD4 T-cell count was 360.4 (206.1) cells/μL. Self-reported symptoms of depression defined as a BDI score greater than 16 were present in 21 (18%) of participants. Coinfection with hepatitis C was reported in 67 (59%) of participants. Twenty-two (19%) participants revealed active substance abuse, defined as use of marijuana, cocaine, heroin, or methamphetamine within 30 days prior to the visit based on self-report, as well as medical records and urine toxicology when available. Forty participants (35%) reported being employed, the majority of whom were working part-time, and 91 (80%) received financial support for disability.
Results

Study demographics
All 114 participants received baseline Karnofsky ratings. Due to protocol differences between the NEAD and Oxidative Stress cohorts, baseline response rates were limited to 110 for the measurement of current performance on the IADL scale and 66 for the measurement of previous best performance. A total of 58 participants completed both the Role QOL and Physical QOL scales at baseline. Table 2 summarizes the demographics for the cohort stratified by the revised AAN ratings for HAND. Individuals classified as having HIV dementia were more likely to have symptoms of depression (p=0.015). There were no differences among the HAND groups in CD4 cell count, plasma HIV RNA, CSF HIV RNA, hepatitis C positivity, or active substance abuse.
Utility of subjective and performance-based functional measures in HAND Mean performance for each functional performance measure is shown in Table 3 , stratified by the revised AAN rating for HAND. We noted significant differences in Columbia Medication Management Test (CMMT; p=.007; see Fig. 1a ), San Diego Finances Test (SDFT; p=.009; see Fig. 1b) , Karnofsky (p<.001) , and IADL current performance (p<.001). Higher scores on the CMMT (OR 0.84 95% CI 0.73, 0.95), SDFT (OR 0.81 95% CI 0.69, 0.95), and Karnofsky (OR 0.91 95% CI 0.88, 0.95) were associated with a decreased odds of cognitive impairment, whereas increased scores (more functional impairment) on IADL current performance (OR 1.36 95% CI 1.13, 1.64) were associated with an increased odds of cognitive (Table 3) .
Discussion
Functional impairment in HAND can present in multiple ways. The ability to work, drive, manage medications, and manage finances can be impaired when neurocognitive performance declines. HIV-positive patients with HAND are more likely to be unemployed in comparison to HIVpositive patients without cognitive dysfunction (Benedict et al. 2000; van Gorp et al. 1999) . Other aspects of functional performance including medication management and management of finances impact not only the day-to-day living of HIV-positive patients but also survival and viral control if HIV-positive patients are not able to obtain and adhere to highly active antiretroviral regimens (Fogarty et al. 2002; Gross 2007; Hinkin et al. 2002; Munakata et al. 2006) .
Objective measures of functional performance have been developed to provide a better means to predict functioning by virtue that these measures do not depend on self-report. Heaton and colleagues examined a series of laboratory assessments of function which included working, managing finances, managing medications, cooking, and shopping (Heaton et al. 2004 ). Our study utilized two objective measures including the CMMT and the SDFT. Our results showed that the CMMT task and the SDFT were useful in predicting different stages of HAND such that worsening scores on these tests were predictive of increased severity of HAND. Furthermore, these performance-based objective measures may validate the subjective functional measures, particularly when informant-report is not available.
Scores obtained from the subjective measures of performance (Karnofsky, Role QOL, Physical QOL, and IADLs) showed that lower scores on these measures correlated with more severe levels of HAND. The primary caveat is that their predictive power is limited by the fact that these measures are used to categorize the patients into different levels of HAND. Essentially, these subjective measures go into the stratification process for HAND. Thus, it is likely that some of their predictive power could be overestimated. In contrast, the two objective functional measures (CMMT and SDFT) were not used in the classification of HAND for cohort participants.
While the subjective measures can provide some information about the functioning of the patient, they should be evaluated cautiously. Self report from depressed, impaired, or demented patients are often very different from the patient's actual level of functional independence, primarily because they lack appropriate insight into their functional deficits ). In our model, we adjusted for differences in depression symptomatology and differences in each functional measure stratified by the revised AAN rating for HAND remained significant. Research in Alzheimer's disease and mild cognitive impairment has shown that self-report and informant-report can vary substantially in regards to the level of deficits in an individual (Ready et al. 2004a, b; Fuh and Wang 2006; Vogel et al. 2006) . In fact, it has been suggested that the informant-report is a better assessment of a cognitively impaired patient's functioning rather than self-report and even assessment by a clinician . Integration of self-report and informantreport is now widely used in research on Alzheimer's disease and mild cognitive impairment and is considered superior to unaggregated measures (Ready and Ott 2007) . To date, there has been no research regarding informant-report in patients with HAND. Perhaps one of the main reasons that informantreport is lacking in research of patients with HAND is the continued but unwarranted social stigma of HIV infection. Furthermore, the support system for patients with HIV and HAND is likely different from patients with Alzheimer's disease lending again to the lack of informant reporting.
In summary, our data suggest that the Columbia Medication Management test and San Diego Finances test are two useful performance-based measures of function that can be utilized as a brief battery to objectively evaluate functional performance in HIV+ individuals with HAND.
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